Introduction. In recent years, polyurethane shape memory polymer (PU SMP) has been practically used as shape memory polymer materials in the world. PU SMP has unique deformation properties such as shape fixity and shape recovery based on the properties of molecular motion differ above and below the grass transition temperature Tg. In PU SMP, it is possible that Tg is set at around the room temperature. The tanδ of PU SMP is close to the human body at around Tg. In this study, the indentation properties of PU SMP foam (SMPF) were investigated, and a functionally graded shape memory polymer foam (FGSMPF) was fabricated from the model equation for applying to the nursing-care robot. The biological soft and hard tissues are described by several densities of FGSMPF for a pseudo-human body.
Material and Specimen. The specimens were SMPF provided by SMP Technologies Inc. The three types of specimens were as follows; 1) Tg = 321 K, density was 50 kg/m 3 , 2) Tg = 321 K, density was 70 kg/m 3 , and 3) Tg = 343 K, density was 100 kg/m 3 . SMPFs have two different densities with Tg = 321 K as 1) and 2) were used for the fabricated FGSMPF for a pseudo-finger surface.
Methods. In order to investigate the relationship between load and indentation displacement, a singleaxis tensile tester made by Shimadzu Corporation was used. The shape of indentation jig was a semisphere with spherical radius (SR) of 5 mm. The spesimen was compressed by the indentation jig through the loading till 5 N and unloading under a constant indentation rate of 0.05 mm/s at T = Tg (Internal temperature of SMPF) as 1 cycle. Then this 1 cycle was performed 10 cycles. The model equation in this research is shown in the equation (1). The elements for the FGSMPF simulating the indentation property of the human finger determined by the model equation and the tendency of its coefficients as equations (2)-(4). The FGSMPF is fabricated in multiple layers. Therefor, the test force is assumed to be equal in all layers. Moreover, the amount of indentation on the FGSMPF is the sum of the amounts of indentation at each layer. Hence equation (1) Figure 1 shows the relationship between force and indentation displacement of the calculating result obtained by equation (5), and the fabricated FGSMPF and human finger obtained by the indentation test. FGSMPF was fabricated by using the equation (5). From the equation (5), thickness of each SMPF determined. The structure of the fabricated FGSMPF was shown in Fig. 1 . As can be seen in Fig. 1 , the curve of the fabricated FGSMPF is almost same as curves of the calculating result and the human finger. It is possible to make a pseudo-finger surface by FGSMPF using the constructed equation. (2) = 0.9 + −( − 70) × 1 × 2 × 40 × 10 6 (3) = 2 × 2 × 1 × 2 × 30 × 10 4 (4)
